Amaç: Bu çalışmada alt ekstremite tutulumu olan osteoartrit (OA) hastalarında diz kas gücü ile alt ekstremite disfonksiyonu arasındaki ilişki değerlendirildi. Bulgular: Ağrı şiddeti OA ve RA hastalarında benzerdi. Her üç grup arasında 6DYT zamanları açısından anlamlı bir istatistiksel fark yoktu. Tüm RAOS alt parametreleri, kontrol grubuna kıyasla, OA ve RA hastalarında anlamlı olarak düşüktü (p<0.001); fakat hasta grupları arasında istatistiksel olarak anlamlı bir fark yoktu. Gruplar arasında izokinetik piktork (PT) oranı açısından istatistiksel olarak anlamlı bir fark gözlenmedi. Osteoartrit ve RA hastalarında 6DYT, tüm PT'ler ile pozitif ilişkiliyken, GAÖ ağrı skoru PT'lerden hiçbiri ile ilişkili değildi. Korelasyon ve regresyon analizleri ile PT ölçümleri ve RAOS alt parametrelerinin çok azı arasında ilişki saptandı. Romatoid artrit hastalarında PT'ler ile DAS 28 arasında anlamlı ilişki saptanmadı. Osteoartrit hastalarında radyolojik evrenin 6DYT, RAOS alt parametreleri ve PT'ler üzerine anlamlı etkisi saptanmadı.
Osteoarthritis (OA) is the most common articular disease and is associated with pain, joint stiffness, and a progressive loss of function. Although it can involve any joint in the body, the hands and feet, hips, and knees are most often affected. [1] Rheumatoid arthritis (RA) is a chronic, generally progressive autoimmune disease characterized by systemic impairment and symmetrical peripheral polyarthritis that leads to deformities and destruction of the joints. [2] Both OA and RA affect the musculoskeletal system and influence a person's ability to perform the functional activities and tasks that are expected of an independent adult. [3] They may cause considerable pain, limited physical functioning, and disability. [4, 5] Muscle weakness, restricted joint range of motion (ROM), and reduced physical function are common signs in patients with OA or RA. [6] Muscle strength is one of the determinants of functional status together with flexibility, ROM, physical fitness, and body composition. [7] An interaction between muscle strength and functional limitations has been previously shown, and it has been suggested that a threshold level of strength may be required to perform basic activities of daily living (ADL). [7] Past studies have reported that patients with OA or RA have reduced muscle strength compared with healthy subjects, [8] [9] [10] and other studies have been published on the relationship between muscle strength and disability or quality of life (QoL) in OA or RA patients. However, comparative research on muscle strength and disability in these patients is limited in the literature. [4, 11, 12] In fact, to our knowledge, there have been no studies that have assessed the relationship between muscle strength and functional status of lower limbs in OA and RA patients. Therefore, in this study, we aimed to evaluate the association of knee muscle strength with lower extremity dysfunction in OA and RA patients and compare the findings with those of healthy subjects.
PATIENTS AND METHODS
The study was conducted at the Department of Physical Medicine and Rehabilitation of the Medical Faculty of Ondokuz Mayıs University. The local ethics committee approved the study protocol, and all participants gave their written informed consent. Forty-two patients with lower limb OA and 42 patients with lower limb RA who had been diagnosed based on the criteria of the American College of Rheumatology (ACR), [13] [14] [15] were enrolled in the study. In addition, 42 gender-and age-matched healthy controls with no clinical signs of OA or RA and no reports of OA or RA as a concomitant disease were also included. All of the study participants ranged between the ages of 40 and 71 (mean age 52.65±7.17). Subjects were excluded if they were bedridden, had Parkinson's disease, stroke, multiple sclerosis, epilepsy, or a history of cardiac syncope. In addition, those with cognitive or psychiatric disorders [4] and those that had undergone lower limb surgery [5] or intraarticular viscosupplementation were not included as well as those who had received a corticosteroid injection within the last six months. Finally, RA patients on biologic drugs and those with joint complaints due to osteoarthritic changes were also excluded from the study.
Data was collected related to age, gender, body mass index (BMI), working status, educational level, medical comorbidities, current medications, and disease duration. Pain in the lower limbs was assessed by a visual analog scale (VAS) in which a score of 0 indicated no pain and a score of 10 represented very severe pain.
The six-minute walking test (6MWD) was used to objectively assess functional performance and endurance, [16] and the participants completed this using a 42.6 meter walkway. They were given the same standard verbal instructions before each test and instructed to walk their maximum distance in a six-minute period. The total distance covered in meters during this time was then used as the score for each session.
The functional capacity of the lower extremities of the participants was evaluated using the Rheumatoid and Arthritis Outcome Score (RAOS), a selfadministered instrument that consists of 42 items that assess five separate patient-relevant dimensions: pain (nine items); other symptoms like stiffness, swelling, and range of motion (ROM) (seven items); ADL (17 items); sport and recreational activities (Sport/Rec) (five items); and lower limb-related QoL (four items). Answers to the questions on the RAOS were recorded using five Likert boxes (no, mild, moderate, severe, extreme), and all items received a score of between zero and four. Afterwards, each of the five subscale scores were totaled to get the sum of the included items. This outcome instrument for the assessment of multidisciplinary care was found to be reliable, valid, and responsive, [17] and the Turkish version of the RAOS was also preciously determined to be reliable and valid. [18] Computerized isokinetic assessments of the knee muscles were performed bilaterally on a Cybex isokinetic dynamometer (Cybex HUMAC NORM Testing & Rehabilitation System, Computer Sports Medicine, Inc., Stoughton, MA, USA), and the same examiner performed the measurements using the same test protocols. After explanations were given, the subjects were performed the procedure by doing three submaximal repetitions at each speed using the protocol of bilateral concentric/concentric knee flexion and extension at velocities of 60°/sec (10 repetitions) and 180°/sec (10 repetitions). [19] The movement range was set in the pain-free 90° of knee flexion in neutral rotation (0°). A two-minute rest was permitted between testing at the different speeds. The participants were instructed to push the lever up and pull it down as hard and as fast as possible with flexion undertaken first for concentric actions and were encouraged to give a maximal effort for each action via both visual feedback and strong verbal encouragement. Strip-chart recording was used to note the highest torque generated in each movement. The effect of gravity was corrected, and the maximum peak torque (PT) ratios in newton-meters were then calculated.
In the OA patients, a standard anteroposterior radiograph of the hip and/or knee was graded according to the Kellgren-Lawrence (KL) grading system (range, 1-4). [20] In addition, a radiograph was performed on the most painful joint if there was more than one joint involvement. The disease activity of the RA patients was evaluated using the Disease Activity Score 28 (DAS 28), a test that includes the 28 commonly affected joints. For this study, tender joint count, swollen joint count, erythrocyte sedimentation rate (ESR), and the global assessment score were used. Scores on the DAS 28 of greater than 5.1 implied high disease activity, and scores below 3.2 indicated low disease activity. [21] 
Statistical analyses
Statistical analyses were performed with the SPSS version 16.0 for Windows software program (SPSS Inc., Chicago, IL, USA). Descriptive data was presented as mean ± standard deviation (SD) or minimummaximum (median). The Kolmogorov-Smirnov test was used to analyze normal distribution assumption of the quantitative outcomes, and the Kruskal-Wallis test was utilized to compare the OA, RA, and control groups because the data was not distributed normally. To compare two groups, the Mann-Whitney U test was used. Any correlations were investigated using Spearman's correlation analysis, and multivariate linear regression analysis was performed to analyze the relationship between the PT ratios and age and VAS pain as well as the 6MWD, RAOS subscales, and DAS 28. Furthermore, univariate analysis of variance (ANOVA) was used to assess the effects of the radiological grade on the 6MWD, RAOS subscales, and PT ratios. The sociodemographic characteristics (education and occupation) of the groups were evaluated with a chi-square test. Before the study commenced, sample size estimation was performed using the PASS 2008 software (NCSS LLC, Kaysville, UT, USA), and we employed data from a previous study [22] in order to have a statistical power of 0.99 and α=0.05. We calculated that 40 subjects were required in each group to detect the differences in the VAS pain score. P values of less than 0.05 were considered to be statistically significant.
RESULTS
The demographic and clinical characteristics of the study sample are shown in Table 1 , and no significant difference in the demographics was seen among the three study groups. The mean DAS 28 was 4.32±0.83 in the RA patients. Of the OA patients, 22 (52.4%) had a KL grade of 2 while 20 (47.6%) had a KL grade of 3. The disease duration of the RA patients was significantly longer than for the OA patients (p<0.05) ( Table 1) , but there was no significant difference between the OA and RA patients in terms of the VAS pain score (p>0.05) ( Table 1) . Furthermore, the three groups showed a significant difference with regard to the 6MWD (p>0.05) ( Table 1 ). The ROAS subscales in the OA and RA patients differed significantly from the control group (p<0.05), but there was no statistically significant difference between the two patient groups (p>0.05) ( Table 1) . A comparison of the isokinetic torque measurement results of the isokinetic torque meaurements by diagnosis is presented in Table 1 . When the PT values of right knee extension at 180˚/s were compared with the controls, a statistically significant difference was only found in the OA group (p=0.034). Otherwise, there were no marked differences between the groups in terms of the isokinetic PT measurements (p>0.05).
The results of a correlation analysis between the PT values of the knee of the involved limb (or the most painful limb in patients with more than one joint involvement) and the clinical parameters in OA patients are shown in Table 2 . The VAS pain score showed no connection to any of the PT ratios (p>0.05) ( Table 2 ), but there were positive correlations between the 6MWD and PT ratios of knee flexion and extension at 60°/s and at 180°/s (Table 2) . Additionally, when a comparison was made between the PT ratios of the knee versus the RAOS subscales in the patients with OA, we found a positive correlation between the PT ratios of knee extension at 60°/s and all of the RAOS subscales except for QoL (Table 2 ). We also found that these ratios was positively correlated with the pain, symptom, and Sport/Rec subscales (p<0.05) (Table 2 ) and that the PT ratios of knee flexion and extension at 180°/s were positively correlated with the symptom and Sport/Rec subscales (p<0.05) ( Table 2 ).
The correlation coefficients between the PT ratios of the knee of the involved limb (or the most painful limb in patients with more than one joint involvement) and the clinical parameters in RA patients are shown in Table 3 . No correlations were identified between the PT ratios of knee extension and flexion at both velocities and the VAS pain score (p>0.05) ( Table 3 ), but the 6MWD was positively correlated with all of the PT ratios of the knee of the affected limb (Table 3) . There was also no correlation between the PT ratios of knee extension at 60°/s and the RAOS subscales (p>0.05) ( Table 3) , and the same ratios were positively correlated with the symptom, ADL, and QoL subscales (p<0.05) (Table 3) . Furthermore, the PT ratios of knee extension at 180°/s were positively correlated with the pain and ADL subscales while the PT ratios of knee flexion at 180°/s were positively correlated with the pain, symptom, and ADL subscales (p<0.05) ( Table 3) .
The relationship between the PT ratios and clinical parameters in the OA and RA patients according to multivariate linear regression analysis is shown in Tables 4 and 5 . We found a statistically significant correlation with the PT ratios regarding the 6MWD in both patient groups (p<0.05) (Tables 4 and 5 ), but no notable correlations were seen between the PT ratios, and age and VAS pain (p>0.05) ( Tables 4 and 5 ). In the OA patients, only the Sport/Rec subscale was associated with the PT ratios of the knee extension and flexion at 60°/s and knee extension at 180°/s (p<0.05) ( Table 4 ). The PT ratios of knee flexion at 180°/s were also associated with the symptom and Sport/Rec subscales in this patient group (p<0.05) ( Table 4 ). In the RA patients, no statistically significant correlations were found between the PT ratios, and the RAOS subscales and DAS 28 (p>0.05) ( Table 5) . Lastly, no significant effects of the radiological grade were seen with regard to the 6MWD, RAOS subscales, and PT ratios when they were evaluated by univariate ANOVA (p>0.05).
DISCUSSION
Musculoskeletal disorders cause much of the severe long-term pain and disability encountered by patients, and OA and RA are the most common forms of musculoskeletal problems. [4, 23] Weight-bearing joints at the lower extremities, mainly the knees and hips, are frequently affected in patients with OA. [1] The involvement of the knee is also usual in RA. [24] In fact, Ringen et al. [25] suggested that lower limb function needs to be considered in the treatment of patients with RA. Furthermore, quadriceps strength, which is usually measured, has been found to be reduced in OA and RA patients. [9, 26] Although the relationship between reduced muscle strength and disability in OA and RA has been well established, [9, 27] comparative research in patients with OA and RA is surprisingly limited in the literature.
Muscle strength is defined as the ability of a muscle or muscle group to exert maximal force or torque at a specific velocity during a contraction, and the isokinetic test objectively determines the measurements related to human muscle strength in the tested position. [24, 28] In the current trial, the PT ratios of bilateral knee flexion and extension at 60°/s Table 5 . Multiple regression analysis with the peak torque ratios of the involved limb as dependent variables and the clinical parameters as independent variables in rheumatoid arthritis patients [8, 9, 24, [26] [27] [28] the muscle strength measurements of the patients in our study did not vary from the controls. As has been previously shown, [30, 31] OA and RA have a negative impact on physical performance. In the current trial, functional performance, as measured by the 6MWD, was also similar in each of these groups. It is well known that muscle strength declines and difficulty in walking increases during the aging process. [28, 32] Since our study population was made up of middle-aged OA and RA patients and OA patients with KL scores of between 2 and 3, the unexpected results should come as no surprise.
In most studies, the physical function of patients with OA and RA has been assessed by different measures, including the Modified Health Assessment Questionnaire (MHAQ), the Arthritis Impact Measurement Scales (AIMS), and the Western Ontario McMaster Osteoarthritis Index (WOMAC). [4, 11, 25, 33, 34] In the current study, lower limb function was assessed by the RAOS, which evaluates symptoms and functional limitations of people with chronic inflammatory joint diseases and problems, especially those involving the lower extremities. Our OA and RA patients reported more lower extremity dysfunction than the controls, but the RAOS scores of both patient groups were similar.
Although it has been suggested that impairments in muscle strength and power can lead to functional limitations, [28] the self-reported lower limb functions of the two patient groups in this study were worse than in the control group, but the performancebased evaluations (muscle strength and walking time) of the OA, RA, and control groups were similar. In addition, correlation and regression analyses revealed a relationship between muscle strength measurements in the groups, but only a few of the subscales showed any correlation. Thus, the patient's perspective of functional limitation due to lower extremity problems may not be related to the objective functional capacity measurements in patients with lower limb OA and RA.
The results of previous studies showed that OA patients have similar or more pain compared with RA patients; [4, 11, 33, 34] however, in this study, the OA and RA patients reported similar pain severity. In studies that have explored the relationship between muscle strength and pain in OA or RA patients, varied results have been reported. It is well known that loss of muscle strength is an important determinant of pain and disability in patients with OA, [27] and Madsen and Egsmose [9] reported a correlation between muscle strength and pain in RA patients. Furthermore, a study by Ekdahl and Broman [8] showed a significant correlation between pain and muscle strength, but only in women with RA. In contrast, other studies have detected no relationship between isokinetic muscle strength and pain intensity in RA patients. [24, 35] In the current trial, no relationship was found between the PT ratios of the knee muscles and the VAS pain scores in the OA and RA patients. Since these patients did not have reduced muscle strength compared with the controls, it might not be possible to detect the relationship between muscle strength and pain severity from our findings.
Controversy exists regarding RA patients as to whether there is an association between muscle strength and disease activity. In a study by Stucki et al., [36] a significant negative correlation was shown between disease activity and isometric muscle strength, whereas Mengshoel et al. [35] reported no correlation. Our study determined that there was no correlation between disease activity and isokinetic muscle strength in patients with lower limb RA. This can be explained by the moderate disease activity scores and undiminished knee muscle strength of the RA patients.
The relationship between muscle strength and radiological changes has been studied extensively, especially in cases of knee OA, but contradictory results have been reported. Some studies showed that quadriceps strength was significantly reduced in patients with radiographic knee OA. [37] However, Brandt et al. [38] detected reduced muscle strength in patients without radiographic knee OA, and PalmieriSmith et al. [39] could not identify any distinction in the quadriceps strength of patients with different radiographic grades according to the KL grading system. In our study, radiological grade was not an influential variable that affected muscle strength in the lower limbs of the OA patients. The reason for this lack of a relationship might stem from the fact that the OA patients had KL scores of 2 and 3. Furthermore, the muscle strength of these patients did not vary from the controls.
The major limitation of this study was that the participants who were all middle-aged and, therefore, had similar characteristics. The RA patients had moderate disease activity, and the OA patients had mild or moderate radiographic changes. For this reason, our results are not applicable for older patients with OA and RA in the lower limbs who have better or worse disease severity.
Several studies have focused on the overall deterioration in physical function, muscle strength, or QoL in OA or RA patients, but we are not aware of any previous study that has addressed the relationship between muscle strength and functional status in patients with lower limb OA and RA. According to our results, the OA and RA patients with lower extremity involvement had more physical disability when compared with subjects with no rheumatologic disorders, although no objective impairments such as reduced muscle strength and increased walking time were detected. Additionally, in the patients with lower limb OA and RA, severity of pain and level of physical function were similar despite the differences in the clinical findings and pathophysiology of the two forms of arthritis. Therefore, we conclude that in lower-limb OA and RA, the burden of disease may be similar, and this can have a negative impact on a patient's functional capacity. Additionally, patient complaints along with objective measurements should be taken into consideration when evaluating patients for the presence of lower limb OA or RA.
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